Effect of attractant distribution on catch rate and size selection of Norway lobster caught by pots by Bjordal, Åsmund et al.
International Council for 
the Exploration of the Sea 
Fish Capture Conunittee 
~ 1991/B:45 
Ref. Comm. K 
ABSTRACT 
EFFECT OF ATTRACTANT DISTRffiUTION 
ON CATCH RATE AND SIZE SELECTION 
OF NORWAY LOBSTER CAUGHT BY POTS 
By 
Asmund B jordal, Svein ~kk:eborg and Roar Skeide 
Institute of Marine Research 
Dept. of Marine Resources, Fish Capture Division 
P.O.Box 1870, N-5024 Bergen, Norway 
In comparative fishing trials with Norway lobster (Nephrops norvegicus) pots, the attractant 
property of an aqueous extract of mackerel was tested against that of natural mackerel bait. 
The catch rate of the natural mackerel bait was three times that of the extract. There was also 
a clear difference in size selectivity, with mean total lengths of 19.3 and 16.8 cm for Norway 
lobsters caught on natural mackerel bait and mackerel extract, respectively. It is suggested that 
the difference in catch rate and selectivity are caused by a higher release of attractants from 
the mackerel bait with a corresponding larger field of smell distribution. 
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I N T R O D U C T I O N  
A t t r a c t i o n  o f  m a r i n e  a n i m a l s  b y  b a i t  i s  m a i n l y  u t i l i z e d  i n  f i s h i n g  w i t h  l o n g l i n e s  a n d  p o t s .  T h e  
a t t r a c t a n t s  o r  c h e m i c a l  s t i m u l i  t h a t  a r e  r e l e a s e d  f r o m  t h e  b a i t  a r e  c a r r i e d  b y  t h e  c u r r e n t ,  s o  
t h a t  o v e r  t i m e  a n d  e x p a n d i n g  o d o u r  p l u m e  i s  e s t a b l i s h e d ,  w h i c h  s i z e  a n d  s h a p e  a r e  m a i n l y  
d e t e n n i n e d  b y  t h e  s t i m u l i  r e l e a s e  r a t e  a n d  t h e  c u r r e n t  ( O l s e n  a n d  L a e v a s t u  1 9 8 3 ) .  A n i m a l s  
w i t h i n  t h e  r a n g e  o f  t h i s  p l u m e  m a y  r e s p o n d  t o  t h e  a t t r a c t a n t s  b y  p o s i t i v e  r h e o t a x i s  a n d  m o v e  
t o w a r d s  t h e  b a i t ,  g i v e n  t h a t  t h e  a n i m a l  i s  m o t i v a t e d  f o r  f e e d i n g  a n d  t h a t  t h e  s t i m u l i  a r e  p o t e n t  
( A t e m a  1 9 8 0 ) .  T o  b e  p o t e n t ,  t h e  s t i m u l i  m u s t  b e  o f  t h e  r i g h t  q u a l i t y  o r  c h e m i c a l  c o m p o s i t i o n  
( H a r a  1 9 7 5 ;  C a r r  a n d  D e r b y  1 9 8 6 ) ,  a n d  i t s  c o n c e n t r a t i o n  m u s t  e x c e e d  t h e  a n i m a l ' s  t h r e s h o l d  
f o r  d e t e c t i o n  o f  a t t r a c t a n t s .  
S e v e r a l  i n v e s t i g a t i o n s  h a v e  b e e n  d o n e  o n  t h e  e f f e c t  o f  b a i t  t y p e  ( q u a l i t y )  o n  c a t c h  r a t e  a n d  
s p e c i e s  s e l e c t i o n  ( e . g .  M a r t i n  a n d  M c C r a c k e n  1 9 5 4 ;  I m a i  a n d  S h i r a k a w a  1 9 7 2 ) ,  a n d  f i s h  
r e a c t i o n  t o  b a i t e d  g e a r s  h a s  b e e n  s t u d i e d  i n  t h e  n e a r  f i e l d ,  b o t h  i n  t h e  l a b o r a t o r y  a n d  i n  t h e  
n a t u r a l  e n v i r o n m e n t  ( S u t t e r l i n  e t  a l .  1 9 8 2 ;  B j o r d a l 1 9 8 6 ;  L f c ; k k e b o r g  e t  a l .  1 9 8 9 ) .  H o w e v e r ,  
l i t t l e  i n f o r m a t i o n  e x i s t s  o n  t h e  i n t e r p l a y  b e t w e e n  t h e  c h e m i c a l  s t i m u l i  a n d  t h e  a t t r a c t a n c e  o f  
m a r i n e  a n i m a l s  i n  t h e  f a r  f i e l d .  A l t h o u g h  r e c e n t  i n v e s t i g a t i o n s  h a v e  g i v e n  v a l u a b l e  k n o w l e d g e  
o n  d i s t a n c e  o f  a t t r a c t a n c e  a n d  o t h e r  t r a p  f i S h i n g  p a r a m e t e r s  f p r  s o m e  s p e c i e s  ( S a i n t e - M a r i e  
a n d  H a r g r a v e  1 9 8 7 ;  S a n t e - M a r i e  1 9 9 1 ) ,  t h e r e  a r e  s t i l l  l a r g e  g a p s  i n  o u r  u n d e r s t a n d i n g  o n  t h e  
e f f e c t i v e  r a n g e  o f  o d o u r  p l u m e s ,  a n d  h o w  t h e  a t t r a c t a n c e  o f  a n i m a l s  o f  d i f f e r e n t  s p e c i e s  a n d  
s i z e  v a r i e s  w i t h  d i f f e r e n t  i n i t i a l  s t i m u l i  c o n c e n t r a t i o n s ,  c u r r e n t  v e l o c i t i e s  a n d  h e n c e  w i t h  
s t i m u l i  d i s t r i b u t i o n  a n d  d i l u t i o n .  
A l t h o u g h  b o t h  l o n g l i n e  a n d  p o t  f i s h i n g  a r e  b a s e d  o n  f i s h  a t t r a c t i o n  w i t h  b a i t ,  t h e r e  i s  a  
f u n d a m e n t a l  d i f f e r e n c e  b e t w e e n  t h e  t w o  g e a r s  w i t h  r e s p e c t  t o  t h e  f u n c t i o n  o f  t h e  b a i t .  I n  h o o k  
f i S h i n g  t h e  b a i t  m u s t  n o t  o n l y  r e l e a s e  e f f e c t i v e  a t t r a c t a n t s ,  b u t  t a s t e ,  s h a p e ,  s i z e  a n d  t e x t u r e  
o f  t h e  b a i t  a r e  a l s o  e s s e n t i a l  f a c t o r s .  I n  p o t  f i s h i n g ,  h o w e v e r ,  t h e  a n i m a l s  a r e  c a p t u r e d  b e f o r e  
t h e y  g e t  a c c e s s  t o  t h e  b a i t ,  a n d  c o n s e q u e n t l y  t h e  o n l y  f u n c t i o n  o f  t h e  b a i t  i s  t o  r e l e a s e  
a d e q u a t e  r a t e s  o f  e f f e c t i v e  a t t r a c t a n t s .  S i n c e  s m e l l  s t i m u l i  m a i n l y  a r e  w a t e r  s o l u a b l e ,  a  f l u i d  
b a i t ,  e . g .  a n  a q u e o u s  e x t r a c t  o f  t r a d i t i o n a l  b a i t  o r g a n i s m s  c o u l d  b e  a n  a l t e r n a t i v e  i n  p o t  
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i l S h i n g .  I n  t h e  p r e s e n t  s t u d y ,  c o m p a r a t i v e  f i s h i n g  t r i a l s  w i t h  p o t s  f o r  N o r w a y  l o b s t e r  
( N e p h r o p s  n o r v e g i c u s )  w e r e  c o n d u c t e d  t o  t e s t  p o s s i b l e  d i f f e r e n c e s  i n  c a t c h  r a t e  b e t w e e n  
m a c k e r e l  b a i t  a n d  m a c k e r e l  e x t r a c t .  
M A T E R I A L  A N D  M E T H O D S  
T h e  e x t r a c t  w a s  m a d e  f r o m  f r o z e n  m a c k e r e l  o f  t h e  s a m e  o r i g i n  a s  ' t h a t  u s e d  f o r  n a t u r a l  b a i t .  
W h o l e  m a c k e r e l  w e r e  m i n c e d  a n d  m i x e d  w i t h  t w o  p a r t s  o f  w a t e r  a n d  c e n t r i f u g a t e d  f o r  1 0  
m i n .  a t  6 5 0 0  r p m .  T h e  r e s u l t a n t  i l l t r a t e  ( e x t r a c t )  w a s  f i l l e d  i n t o  5 0  m l  p l a s t i c  t u b e s  w i t h  l i d  
a n d  d e e p  f r o z e n  u n t i l  u s e .  A b o u t  2 0  g  m a c k e r e l  w a s  u s e d  t o  m a k e  5 0  m l  e x t r a c t .  T h e  p o t s  
w e r e  b a i t e d  e i t h e r  w i t h  m a c k e r e l  ( 4  p i e c e s ,  t o t a l  w e i g h t  a b o u t  1 0 0  g )  o r  w i t h  e x t r a c t  ( 5 0  m l ) .  
B o t h  m a c k e r e l  b a i t  a n d  e x t r a c t  t u b e s  w e r e  p u t  i n t o  b a i t  c o n t a i n e r s  ( 5 0 0  m l ,  p e r f o r a t e d  w i t h  
1 2 0  h o l e s  o f  2  m m  d i a m e t e r ,  F i g .  1 ) .  R e l e a s e  o f  e x t r a c t  w a s  o b t a i n e d  b y  p a s s i v e  l e a c h i n g  
t h r o u g h  h o l e s  t h a t  w e r e  d r i l l e d  i n  t h e  t u b e  l i d s .  R e l e a s e  r a t e  t e s t s  w e r e  c o n d u c t e d ,  o n c e  p r i o r  
t o  a n d  t w i c e  d u r i n g  t h e  f i S h i n g  t r i a l s ,  w i t h  1 - 9  h o l e s  o f  2  m m  d i a m .  I n  t h e  f i S h i n g  t r i a l s ,  t h e  
f o l l o w i n g  h o l e  c o m b i n a t i o n s  w e r e  u s e d :  1 x 2  m m ,  2 x 2  m m ,  5 x 2  m m ,  1 x 3  m m ,  2 x 3  m m ,  1 x 4  
m m ,  2 x 4  m m  a n d  1 x 5  m m .  
T h e  p o t  c o n s t r u c t i o n  i s  s h o w n  i n  F i g u r e  2 .  P o t s  w i t h  m a c k e r e l  b a i t  a n d  e x t r a c t  w e r e  s e t  i n  
a l t e r n a t i n g  p o s i t i o n s  i n  f l e e t s  o f  2 5 - 3 0  p o t s ,  w i t h  a  p o t  s p a c i n g  o f  3 0  m .  T h e  t i S h i n g  t r i a l s  
w e r e  c o n d u c t e d  i n  t h e  F a n a f j o r d  a r e a  ( s o u t h  o f  B e r g e n )  a t  6 0  t o  1 5 0  m  d e p t h ,  f r o m  1 8  
F e b r u a r y  t o  1  M a r c h  1 9 9 1 ,  a n d  2 2  f l e e t s  w i t h  a  t o t a l  o f  5 3 5  p o t s  w e r e  h a u l e d .  A t  r e t r i e v a l  
o f  t h e  p o t s ,  t h e  e x t r a c t  d i l u t i o n  w a s  j u d g e d  b y  v i s u a l l y  c o m p a r i n g  o f  t h e  c o n t e n t  o f  t h e  t u b e  
r e l a t i v e  t o  a  s t a n d a r d  d i l u t i o n  s e r i e s  f r o m  0  t o  6  ( 0  = u n d i l u t e d  e x t r a c t ,  1  = 5 0 %  d i l u t i o n  o f  
t h e  0 - c o n c e n t r a t i o n ,  . . . . . .  a n d  6  =  5 0 %  d i l u t i o n  o f  t h e  5 - c o n c e n t r a t i o n ) .  F o r  e a c h  p o t  t h e  c a t c h  
w a s  r e c o r d e d  ( N o r w a y  l o b s t e r  a n d  b y c a t c h )  a n d  f o r  t h e  l a s t  p a r t  o f  t h e  e x p e r i m e n t  ( f l e e t  
1 4 - 2 2 )  a l l  N o r w a y  l o b s t e r s  w e r e  s e x e d  a n d  l e n g t h  m e a s u r e d  ( t o t a l  l e n g t h ,  r o s t r u m - t e l s o n ) .  
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R E S U L T S  
I n  t h e  p r e - t e s t ,  m o s t  o f  t h e  e x t r a c t  w a s  w a s h e d  o u t  a f t e r  2 2  h  s o a k  t i m e ,  w h i l e  s i m i l a r  d i l u t i o n  
t e s t s  a t  g r e a t e r  d e p t h  d u r i n g  t h e  f i s h i n g  t r i a l s  s h o w e d  m u c h  l o w e r  r e l e a s e  r a t e s  ( T a b l e  1 ) .  T i t i s  
w a s  e x p e c t e d  a s  t h e  p r e - t e s t  w a s  d o n e  i n  a n  a r e a  w i t h  a  r e l a t i v e l y  s t r o n g  t i d a l  c u r r e n t .  A s  
i n d i c a t e d  i n  T a b l e  1 ,  e v e n  a  r e l a t i v e l y  l a r g e  d i f f u s i o n  a r e a  ( e . g .  4  m m  h o l e  d i a m . )  a n d  l o n g  
s o a k  t i m e  g a v e  o n l y  a  s l i g h t  d i l u t i o n  o f  t h e  e x t r a c t .  T i t i s  w a s  a l s o  t h e  g e n e r a l  c a s e  f o r  t h e  
f i S h i n g  t r i a l s ,  a s  t h e  m a j o r i t y  o f  t h e  e x t r a c t  t u b e s  w e r e  o f  d i l u t i o n  c a t e g o r i e s  0 - 1 - 2 .  T h e r e  w a s  
n o  g o o d  c o r r e l a t i o n  b e t w e e n  d i l u t i o n  a n d  s o a k  t i m e ,  d e p t h  o r  d i f f u s i o n  a r e a ,  a n d  h e n c e  n o  
c o r r e l a t i o n  b e t w e e n  d i l u t i o n  a n d  c a t c h  r a t e s .  
A  t o t a l  o f  2 1 3  N o r w a y  l o b s t e r  w e r e  c a u g h t  i n  p o t s  b a i t e d  w i t h  m a c k e r e l  b a i t  v e r s u s  6 8  i n  p o t s  
w i t h  m a c k e r e l  e x t r a c t .  O m i t t i n g  t w o  f l e e t s  w i t h  n o  c a t c h ,  t h e  c o r r e s p o n d i n g  c a t c h  r a t e s  w e r e  
0 . 8 7  a n d  0 . 3 0  N o r w a y  l o b s t e r  p e r  p o t ,  r e s p e c t i v e l y ,  o r  c l o s e  t o  a  t h r e e  - o l d  h i g h e r  c a t c h  r a t e  
o n  m a c k e r e l  b a i t  ( p  <  0 . 0 0 1 ,  W i l c o x o n  s i g n e d  r a n k  t e s t ) .  
T h e  m e a n  t o t a l  l e n g t h  o f  N o r w a y  l o b s t e r  c a u g h t  b y  m a c k e r e l  b a i t  w a s  s i g n i f i c a n t l y  h i g h e r  
t h a n  t h a t  o f  m a c k e r e l  e x t r a c t ,  1 9 . 3  a n d  1 6 . 8  c m ,  r e s p e c t i v e l y  ( p  <  0 . 0 0 1 ,  t - t e s t ) .  T h e  
d i f f e r e n c e  i n  s i z e  d i s t r i b u t i o n  i s  s h o w n  i n  F i g u r e  3 .  H  t h e  s e x e s  a r e  s e p a r a t e d ,  i t  i s  o b v i o u s  
t h a t  t h e  m a l e s  m a k e  t h e  m a i n  c o n t r i b u t i o n  t o  t h e  t o t a l  d i f f e r e n c e  i n  s i z e  d i s t r i b u t i o n  b e t w e e n  
t h e  t w o  b a i t s .  T h e  m e a n  l e n g t h  o f  m a l e s  c a u g h t  o n  m a c k e r e l  b a i t  w a s  2 0 . 7  v e r s u s  1 8 . 3  c m  
f o r  e x t r a c t  ( p  <  0 . 0 0 1 ) ,  w h i l e  t h e  c o r r e s p o n d i n g  d i f f e r e n c e  f o r  f e m a l e s  w a s  s m a l l e r  a n d  n o n -
s i g n i f i c a n t ,  1 6 . 3  a n d  1 5 . 7  c m ,  r e s p e c t i v e l y  ( p  =  0 . 2 1 0 ) .  
D I S C U S S I O N  
B j o r d a l  ( 1 9 8 1 ;  1 9 8 6 )  s h o w e d  t h a t  N o r w a y  l o b s t e r  c a u g h t  b y  t r a w l  w e r e  c o n s i d e r a b l y  s m a l l e r  
t h a n  t h o s e  c a u g h t  b y  p o t s  i n  t h e  s a m e  a r e a .  T h i s  w a s  p a r t l y  e x p l a i n e d  b y  t h e  f a c t  t h a t  t h e  
f e e d i n g  r a n g e  o f  t h e  a n i m a l s  i n c r e a s e s  w i t h  t h e i r  s i z e  ( C h a p m a n  a n d  H o w a r d  1 9 7 9 } ,  a n d  
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h e n c e  t h e  p r o p o r t i o n  o f  l a r g e  a n i m a l s  t h a t  a r e  a t t r a c t e d  t o  t h e  p o t  d o e s  i n c r e a s e  w i t h  e x t e n t i o n  
o f  t h e  a t t r a c t a n t  p l u m e .  
S i n c e  t h e  w a t e r  s o l u a b l e  a t t r a c t a n t  w a s  s i m i l a r  f o r  b o t h  b a i t  t y p e s ,  t h e  o b s e r v e d  d i f f e r e n c e s  
i n  c a t c h  r a t e  a n d  s i z e  s e l e c t i o n  a r e  m o s t  l i k e l y  c a u s e d  b y  a  h i g h e r  r e l e a s e  r a t e  f r o m  t h e  
m a c k e r e l  b a i t ,  w i t h  a  c o r r e s p o n d i n g ,  l a r g e r  o d o u r  p l u m e  t h a n  f o r  t h e  e x t r a c t .  I t  i s  t h e r e f o r e  
s u g g e s t e d  t h a t  m a c k e r e l  b a i t  t r i g g e r e d  f o o d  s e a r c h  i n  N o r w a y  l o b s t e r  o v e r  a  l a r g e r  a r e a ,  a n d  
h e n c e  a t t r a c t e d  m o r e  a n d  l a r g e r  i n d i v i d u a l s  t h a n  d i d  t h e  e x t r a c t .  
I n  t h i s  i n v e s t i g a t i o n  t h e  i n i t i a l  c o n c e n t r a t i o n  a n d  r e l e a s e  r a t e s  o f  e x t r a c t  w e r e  o b v i o u s l y  t o o  
l o w  c o m p a r e d  w i t h  t h e  m a c k e r e l  b a i t .  H o w e v e r ,  t h e  r e s u l t s  r e v e a l  v e r y  i n t e r e s t i n g  p o s s i b i l i t i e s  
f o r  i m p r o v i n g  c a t c h  r a t e s  a n d  s e l e c t i v i t y  i n  b a i t e d  f i S h i n g  g e a r s  b y  e x t e n d i n g  t h e  a t t r a c t a n t  
p l u m e  r a n g e  b e y o n d  t h a t  o f  n a t u r a l  b a i t .  T h i s  c a n  b e  a c h i e v e d  b y  i n c r e a s i n g  t h e  i n i t i a l  e x t r a c t  
c o n c e n t r a t i o n  a n d  c o n t r o l l e d  e x t r a c t  r e l e a s e  r a t e .  
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T a b l e  1 .  D i l u t i o n  o f  e x t r a c t  i n  t u b e s  w i t h  d i f f e r e n t  d i f f u s i o n  a r e a s  i n  p r e - t e s t  ( 2  m  d e p t h )  a n d  t w o  t e s t s  d u r i n g  
t h e  f i s h i n g  t r i a l s .  D i l u t i o n  c a t e g o r y  0  =  u n d i l u t e d  e x t r a c t ,  c a t e g o r y  6  =  h i g h e s t  d i l u t i o n .  
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F i g u r e  1 .  B a i t  c o n t a i n e r  w i t h  e x t r a c t  t u b e .  
N O R W A Y  L O B S T E R  P O T  (  s c a l e  1 :  5  )  
S I D E  V I E W  
1 .  F l o a t  
2 .  E n t r a n c e  
3 .  D o o r  
4 .  B r i d l e  
5 .  B a i t  c o n t a i n e r  (  0 , 5  I  
F i g u r e  2 .  N o r w a y  l o b s t e r  p o t .  
T O P  V I E W  
F r a m e :  G a l v a n i z e d  s t e e l  (  9 5  1 0  m m )  
W e b b i n g :  P o l y e t h y t e n e ,  b o r l e n g t h  1 7  m m  
T o t a l  w e i g h t :  2 , 8 5  k g  
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Figure 3. Length distribution of Norway lobster caught in pots with mackerel bait (M%, n = 
103) and extract (E%, n = 34). 
